The metabolite retinoic acid has been implicated as a key player during anterior-posterior patterning in vertebrate embryos. Recent studies in zebrafish extend this model by demonstrating the influence of retinoic acid on endoderm regionalization.
patterning of the rhombomeres, embryonic hindbrain subdivisions, each of which gives rise to a distinct set of neurons (see [3, 4] for reviews). Ectopic RA treatments cause posteriorization of the hindbrain, an apparent fate transformation in which anterior regions take on more posterior identities [3, 4] . And conversely, reduction of RA signaling, by treatment with an RAR antagonist or mutation of the raldh2 gene, causes hindbrain anteriorization [5] [6] [7] [8] [9] .
Treatments with the RAR antagonist during particular time intervals have indicated that proper rhombomere patterning requires RA signaling during relatively early stages of hindbrain formation [6, 7, 9] . Specifically, in zebrafish, RA signaling is critical during gastrulation [9] . In fact, an inappropriate AP distribution of hindbrain markers can be observed near the end of gastrulation in zebrafish raldh2 mutants or RAR antagonist-treated embryos [9] . Altogether, it has become clear that RA exposure is an important parameter in establishing the unique identity of each rhombomere during early development.
Given the established roles of RA in patterning the ectoderm and mesoderm, Stafford and Prince [1] set out to test its influence on regionalization of the endoderm in zebrafish embryos. The endoderm exhibits clear patterning along its AP axis, such that starting from the mouth, one first encounters the pharynx, then the liver, pancreas and other digestive organs, and finally the posterior part of the alimentary canal ( Figure  1C ). This arrangement is already evident at the late blastula stage in the zebrafish embryo, as the progenitors to the pharynx are the most dorsal, those that contribute to the liver and pancreas are the most lateral, and those that contribute to the posterior alimentary canal are the most ventral ( Figure 1A ) [10] .
The various gastrulation movements, including convergence and extension, transform this dorsalventral (DV) arrangement into an AP distribution. At the molecular level, the first indications of AP patterning of the endoderm come at mid-gastrulation stages, when her5 expression becomes restricted to the anterior-most endoderm [11] , and at the end of gastrulation, when foxA2/axial/hnf3β expression is clearly excluded from the posterior-most endoderm [12] . But the mechanisms responsible for this regionalization have remained elusive.
Using both a zebrafish raldh2 mutant [8] and the RAR antagonist, Stafford and Prince were able to show that RA signaling is necessary for the expression of liver-and pancreas-specific markers [1] . In these embryos, the pharyngeal endoderm also appears to be expanded posteriorly, suggesting a general anteriorization ( Figure 1D) . Correspondingly, addition of exogenous RA can posteriorize the gut, apparently transforming anterior regions into pancreas and liver ( Figure 1E) . Furthermore, the critical time period in which RA signaling can cause endodermal fate transformations is near the end of gastrulation.
Interestingly, at this stage, raldh2 expression is strongest in lateral regions of the mesendoderm [8, 9] , corresponding to the location of midgut progenitors [10] (Figure 1A,B) . Together, these data clearly show that RA signaling is part of the machinery that imparts AP identity on the endoderm from an early stage. The future identification of additional region-specific endodermal markers will allow a more thorough assessment of when and how RA signaling affects endoderm regionalization.
It is now apparent that RA signaling influences AP regionalization of all three germ layers during gastrulation stages in zebrafish. In addition to the ectoderm and endoderm studies discussed above, a clear mesodermal example is provided by another recent study [9] which demonstrated that RA signaling during gastrulation is essential for the induction of forelimb (pectoral fin) buds. Perhaps RA provides AP coordinates for the lateral mesoderm in a manner similar to its role in endoderm regionalization, thereby contributing to the specification of fin-forming regions. Could all three germ layers be responding to the same source of RA? Transplantation studies have demonstrated that RA production by wild-type paraxial mesoderm can rescue expression of posterior rhombomere markers in raldh2 mutant zebrafish embryos [8] . It will be interesting to investigate whether the paraxial mesoderm, which expresses high levels of raldh2 during and after gastrulation [ In addition to investigating how different RA doses are generated and perceived in the early embryo, future studies are likely to focus on identification of RA target genes. Are there common target genes, such as Hox genes, that are affected by RA signaling in all three germ layers? It may be that Hox transcription factors cooperate with tissue-specific factors to create particular AP identities. It will also be interesting to determine whether the same RA targets that function during early embryonic patterning are also critical at later stages, when RA signaling plays additional, more local roles such as regulation of limb patterning and growth (for example [9, 17] ).
Finally, as it is likely that AP regionalization is the product of cooperation between multiple signaling pathways, it will be important to investigate how the RA pathway intersects with the others. In particular, given the distribution of endodermal progenitors along the DV axis of the late blastula zebrafish embryo ( Figure 1A ), it will be interesting to examine how DV patterning signals influence the AP patterning of the endoderm and the regulation of raldh2 expression. Undoubtedly, we can look forward to additional exciting insights regarding the context-dependent patterning roles of RA from future work in zebrafish as well as drier vertebrates. 
